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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide high rigidity of a 
coupling shaft, to reduce weight, and to reduce a 
manufacturing cost. 

SOLUTION: A hollow coupling shaft 5 comprises a shaft 
end part 5a having a tooth profile 5c coupled with the fit- 
in part 2c of an Inside joint member 2; and an 
intermediate part 5b continued to a shaft end part 5a. In 
the coupling shaft 5, the two end parts made of a pipe 
material having an outside diameter dm are formed by 
drawing, and further, the tooth profile (spline or serration) 
5c is formed on the outer periphery of the shaft end side 
of the drawing pressed shaft end part 5a through a 
rolling work. The outer diameter of the shaft end part 5a 
is ds and the outside diameter of the intermediate 5b is 
the same dm as that of a pipe material (ds<dm). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The inside joint member which formed eight guide rails prolonged in shaft orientations in the 
outside joint member in which eight guide rails prolonged in shaft orientations were formed to the bore 
side, and the outer-diameter side, and formed the fitting section which has the tooth form in a bore side, 
Eight torque-transmission balls arranged on eight vault racks with which the guide rail of an outside 
joint member and the guide rail of the inside joint member corresponding to this collaborate, and are 
formed, respectively, It has the connecting shaft of the shape of hollow which has the axis end section 
which has the tooth form connected with the fitting section of an inside joint member, and the pars 
intermedia which followed this axis end section. The uniform universal joint characterized by the ratio 
r3 (= dm/DOUTER) of the outer diameter (dm) of the pars intermedia of said connecting shaft and the 
outer diameter (DOUTER) of said outside joint member being 0.29 <=r3 <=1.0. 
[Claim 2] The uniform universal joint according to claim 1 characterized by the ratio r2 (= 
DOUTER/PCDSERR) of the outer diameter (DOUTER) of said outside joint member and the pitch 
diameter (PCDSERR) of the tooth form of the fitting section of said inside joint member being 2.5 <=r2 
<=3.5. 

[Claim 3] The uniform universal joint according to claim 1 or 2 to which said connecting shaft is 
characterized by carrying out draw forming of the edge of the pipe material of an outer diameter (dm). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is suitable for especially the transmission of an automobile about 
the uniform universal joint which was equipped with eight torque-transmission balls and connected the 
hollow-like connecting shaft with the fitting section of an inside joint member. 
[0002] 

[Description of the Prior Art] a uniform universal joint ~ dividing roughly — the include angle between 
biaxial ~ the cover half which permits only a variation rate, and an include angle ~ a variation rate and 
shaft orientations ~ there is a sliding mold which permits a variation rate and model selection is made 
according to a service condition, an application, etc., respectively. As a cover half, a double offset mold 
uniform universal joint is typical as a TSUEPPA mold uniform universal joint (ball fix DOJOINTO) and 
a sliding mold. 

[0003] The above uniform universal joints are widely used for the object for the transmissions of an 
automobile, for example, connection of the drive shaft of an automobile, or a driveshaft. The uniform 
universal joint of a cover half and a sliding mold is usually used for connection of the drive shaft of an 
automobile, or a driveshaft as a pair, for example, the include angle according [ the transmission which 
transmits the power of the engine of an automobile to a wheel ] to change of the relative location of an 
engine and a wheel — a variation rate and shaft orientations — since it is necessary to correspond to a 
variation rate, as shown in drawing 5 , the end of the drive shaft 20 infixed between an engine side and a 
wheel side was connected with the differential 22 through the sliding mold uniform universal joint 21, 
and the other end has been connected with the wheel 24 through the cover-half uniform universal joint 
23. 

[0004] 

[Problem(s) to be Solved by the Invention] equipping with a damper the cormecting shaft (it being a 
drive shaft 20 at the example shown in drawing 5 ) connected with the fitting section of an inside joint 
member as oscillating cures, such as a vehicle, in a uniform universal joint **** — or the above- 
mentioned connecting shaft — a major diameter - and it hollo w-izes, and there is a high case where 
lightweight-ization is attained at the same time it twists and secures rigidity and flexural rigidity. 
Moreover, cures, such as ****, understand that tuning of a bending primary natural fi-equency is 
effective also for a beat note, or inside and high-speed **, and it corresponds by the above-mentioned 
damper, and the major diameter and hollow-izing of a connecting shaft. However, although wearing of a 
damper leads to a cost rise and tuning of a frequency is still more possible, a connecting shaft twists and 
rigid improvement cannot be desired. 

[0005] On the other hand, as a hollow-like connecting shaft, current, the thing which welded pipe 
material to the stub (or friction welding), and the thing of one apparatus which carried out draw forming 
of the both ends of a pipe material by swaging processing etc. are used. However, the manufacturing 
cost of the former is high and it is difficult in design to attain high rigidity and lightweight-ization to 
coincidence. In order for the latter to extract this to the dimension which can fit into the fitting section of 
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an inside joint member using the pipe material of the size which can secure axial rigidity required as an 
oscillating cure from the former although it is low cost generally, it is necessary to enlarge contraction 
percentage delta (%), therefore a manufacturing cost becomes high. 
[0006] 

The outer diameter ds of a contraction percentage delta(%) ={(dm-ds) /dm} xlOOdm:pipe material : to 
the general outer diameter after draw forming Rotary swaging and link type swaging (it is the processing 
method suitable for a hollow shaft product with a big contraction percentage.) a case ~ contraction 
percentage delta — one process — 50% or more ~ although it is said that a diaphragm is possible, if 
contraction percentage delta exceeds 60% in fact ~ ingredient cost and heat treatment cost (pretreatment 
of annealing etc. is needed.) When it becomes high and priority is given to workability too much, there 
is possibility that a product ftmction cannot be satisfied. On the other hand, in order to press down 
contraction percentage delta low and to secure required axial rigidity, size of a uniform universal joint 
may have to be made large beyond the need, it becomes increase of a wearing tooth space and weight, 
and a disadvantageous point comes out on a design, 

[0007] This invention sets it as the purpose to attain the high rigidity of a connecting shaft and 
lightweight-izing in a uniform universal joint to coincidence, and to aim at reduction of a manufacturing 
cost. 
[0008] 

[Means for Solving the Problem] The outside joint member by which this invention formed in the bore 
side eight guide rails prolonged in shaft orientations in order to solve the above-mentioned technical 
problem, The inside joint member which formed in the outer-diameter side eight guide rails prolonged in 
shaft orientations, and formed in the bore side the fitting section which has the tooth form, Eight torque- 
transmission balls arranged on eight vault racks with which the guide rail of an outside joint member 
and the guide rail of the inside joint member corresponding to this collaborate, and are formed, 
respectively. It has the connecting shaft of the shape of hollow which has the axis end section which has 
the tooth form connected with the fitting section of an inside joint member, and the pars intermedia 
which followed this axis end section. The ratio r3 (=dm/DOUTER) of the outer diameter (dm) of the 
pars intermedia of a connecting shaft and the outer diameter (DOUTER) of an outside joint member 
offers the configuration which is 0.29 <=r3 <=1.0. 

[0009] The ratio r2 (=DOUTER/PCDSERR) of the outer diameter (DOUTER) of an outside joint 
member and the pitch diameter (PCDSERR) of the tooth form of the fitting section of an inside joint 
member can be set up within the limits of 2.5 <=r2 <=3.5. 

[0010] The reason set to 2.5 <=r2 <=3.5 is in a degree. That is, the pitch diameter (PCDSERR) of the 
tooth form of the fitting section of an inside joint member cannot be sharply changed by relation with 
the reinforcement of a connecting shaft etc. Therefore, it will mainly depend for the value of r2 on the 
outer diameter (DOUTER) of an outside joint member. The thickness of each part articles (an outside 
joint member, inside joint member, etc.) becomes it thin that it is r2<2.5 too much, and concern arises in 
respect of reinforcement (when an outer diameter DOUTER is mainly small). On the other hand, a 
practical problem may arise from a dimensional field etc. that it is r2>3.5, and the purpose of 
miniaturization cannot be attained, either (when an outer diameter DOUTER is mainly large). By being 
referred to as 2.5 <=r2 <=3.5, reinforcement, such as an outside joint member, and the endurance of a 
joint can be secured a comparison article (uniform universal joint of a six-piece ball), and more than 
equivalent, and a practical request can also be satisfied. 

[0011] The connecting shaft of the shape of above hollow should carry out draw forming of the edge of 

the pipe material of an outer diameter (dm). 

[0012] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained according 

to a drawing. 

[0013] The 1st operation gestalt shown in drawing 1 and drawing 2 applies this invention to the 
TSUEPA mold uniform universal joint (ball fix DOJOINTO) as a cover-half uniform universal joint. 
The outside joint member 1 by which the uniform universal joint of this operation gestalt formed eight 
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curves-like guide rail lb in spherical-surface-like bore side la at shaft orientations. The inside joint 
member 2 which formed eight curves-like guide rail 2b in spherical-surface-like outer-diameter side 2a 
at shaft orientations, and formed in the bore side fitting section 2c which has the tooth form (serration or 
spline), Eight torque-transmission balls 3 arranged on eight vault racks with which guide rail lb of the 
outside joint member 1 and guide rail 2b of the inside joint member 2 corresponding to this collaborate, 
and are formed, respectively, It consists of a cage 4 holding the torque-transmission ball 3, and a hollow- 
like connecting shaft 5 connected with fitting section 2c of the inside joint member 2. 
[0014] in this operation gestalt, as for the core 01 of guide rail lb of the outside joint member 1, only 
the equal distance (F) is offset by shaft orientations to the spherical-surface core of outer-diameter side 
2a to the spherical-surface core of bore side la in the opposite side, respectively, as for the core 02 of 
guide rail 2b of the inside joint member 2 (a core 01 ~ the opening side of a joint, and a core 02 - the 
inner side of a joint). Therefore, the vauU rack with which guide rail lb and guide rail 2b corresponding 
to this collaborate, and are formed becomes the configuration opened to the wedge shape toward the 
opening side of a joint. 

[0015] Each spherical-surface core of bore side la of the spherical-surface core of outer-diameter side 
4a of a cage 4 and the outside joint member 1 used as the slide way of outer-diameter side 4a of a cage 4 
is in the joint longitudinal plane of symmetry O including the core 03 of the torque-transmission ball 3. 
Moreover, each spherical-surface core of outer-diameter side 2a of the spherical-surface core of bore 
side 4b of a cage 4 and the inside joint member 2 used as the slideway of bore side 4b of a cage 4 is in 
the joint longitudinal plane of symmetry O. So, the shaft-orientations distance between the core 01 of 
guide rail lb and the joint longitudinal plane of symmetry 0 and the above-mentioned amount of offset 
of the inside joint member 2 (F) become the shaft-orientations distance between the core 02 of guide 
rail 2b, and the joint longitudinal plane of symmetry O, and both of the above-mentioned amount of 
offset of the outside joint member 1 (F) are equal. The core 01 of guide rail lb of the outside joint 
member 1 and the core 02 of guide rail 2b of the inside joint member 2 are located in the location where 
only the equal distance (F) shifted to shaft orientations to the joint longitudinal plane of symmetry O in 
the opposite side (the core 01 of guide rail lb the core 02 of the opening side of a joint, and guide rail 
2b inner side of a joint). 

[0016] If the outside joint member 1 and the inside joint member 2 carry out include-angle displacement 
only of the include angle theta, the torque-transmission ball 3 guided at the cage 4 will always be 
maintained in the bisecting plane (theta/2) of an include angle theta in every actuation angle theta, and 
the uniform velocity nature of a joint will be secured. 

[0017] The ratio rl (=PCDBALL/DBALL) of the pitch diameter (PCDBALL) of the torque- 
transmission ball 3 and a diameter (DBALL) can be made into the value of 3.3 <=rl <=5.0 within the 
limits. Here, the pitch diameter (PCDBALL) of a torque-transmission ball is twice the dimension of 
PGR (PCDBALL=2xPCR). The die length of the segment which connects the core 01 of guide rail lb 
of the outside joint member 1 and the core 03 of the torque-transmission ball 3, and the die length of the 
segment which connects the core 02 of guide rail 2b of the inside joint member 2 and the core 03 of the 
torque-transmission ball 3 are PGR, respectively, and both are equal. 

[0018] The reason set to 3.3 <=rl <=5.0 is for securing the load-carrying capacity and endurance of 
reinforcement, such as an outside joint member, and a joint more than a comparison article (cover-half 
uniform universal joint of a six-piece ball), and an EQC. That is, in a uniform universal joint, it is the 
range of the limited tooth space, and it is difficult to change the pitch diameter (PGDBALL) of a torque- 
transmission ball sharply. Therefore, it will mainly depend for the value of rl on the diameter (DBALL) 
of a torque-transmission ball. The thickness of other components (an outside joint member, inside joint 
member, etc.) becomes it thin that it is rl<3.3 too much, and concern arises in respect of reinforcement 
(when a diameter DBALL is mainly large). Conversely, rl> (when a diameter DBALL is mainly small) 
Load-carrying capacity becomes it small that it is 5.0, and concern arises in respect of endurance. 
Moreover, the planar pressure of the contact part of a torque-transmission ball and a guide rail goes up 
(if a diameter DBALL becomes small, since the contact ellipse of a contact part will become small), and 
we are anxious about becoming factors, such as a chip of the groove shoulder edge part of a guide rail. 
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[0019] By being referred to as 3.3 <=rl <=5'0, the load-carrying capacity and endurance of 
reinforcement, such as an outside joint member, and a joint are securable a comparison article (cover- 
half uniform universal joint of a six-piece ball), and more than equivalent. It is good more preferably to 
set it as the value of the range of 3.5 <=rl <=5.0, rl=3.83 [ for example, ], and its near. 
[0020] 2.5 <=r2 <=3.5 since the ratio r2 (= DOUTER/PCDSERR) of the outer diameter (DOUTER) of 
the outside joint member 1 and the pitch diameter (PCDSERR) of the tooth form (serration or spline) of 
fitting section 2c of the inside joint member 2 mentioned above — it is preferably set as the value of 2.5 
<=r2<3.2 within the limits. 

[0021] Since there are few load rates per [ which the number of the torque-transmission ball 3 is eight 
pieces, and occupies in the full load capacity of a joint compared with a comparison article (cover-half 
uniform universal joint of a six piece ball) ] torque-transmission ball, the uniform universal joint of this 
operation gestalt It is possible to make small the diameter (DBALL) of the torque-transmission ball 3, 
and to secure the thickness of the outside joint member 1 and the thickness of the inside joint member 2 
to the comparison article (cover-half uniform universal joint of a six-piece ball) of the same call format, 
to the same extent as a comparison article (cover-half uniform universal joint of a six-piece ball). 
Moreover, much more miniaturization of an outer-diameter dimension (DOUTER) can be attained, 
making a ratio r2 (= DOUTER/PCDSERR) small (the general value of r2 in the cover-half uniform 
universal joint of a six-piece ball being r2 >=3.2.), and securing a comparison article, the reinforcement 
more than equivalent, load-carrying capacity, and endurance to the comparison article (cover-half 
uniform universal joint of a six-piece ball) of the same call format. Moreover, compared with the 
comparison article (cover-half uniform universal joint of a six-piece ball), it is checked as a result of the 
experiment that it is low generation of heat. 

[0022] The hollow-like connecting shaft 5 consists of pars intermedia 5b which followed axis end 
section 5a which has tooth-form 5c connected with fitting section 2c of the inside joint member 2, and 
this axis end section 5a. In this operation gestalt, a connecting shaft 5 carries out draw forming of the 
both ends of the pipe material of an outer diameter dm, and fabricates tooth-form (spline or serration) 5c 
by forming of rolling etc. further on the axis end side periphery of this axis end section 5a that carried 
out draw forming. The outer diameters of axis end section 5a are ds and the dm as a pipe material with 
the same outer diameter of pars intermedia 5b (ds<dm). 

[0023] As the quality of the material of a coimecting shaft 5, cemented steel, such as alloy steel which 
added the alloy element for machine structural carbon steel, such as STKM15A and STKM16A, or 
improvements of them at the base, such as workability and hardenability, or SCr and SCM, and SNCM, 
can be used. When the above-mentioned machine structural carbon steel or alloy steel is adopted as the 
quality of the material of a connecting shaft 5, high-frequency induction hardening (part carburization, 
**********) can mainly be adopted as heat treatment. Moreover, when the above-mentioned cemented 
steel is adopted as the quality of the material of a connecting shaft 5, carburizing and quenching can 
mainly be adopted as heat treatment. 

[0024] Moreover, as the draw-forming approach of a connecting shaft 5, swaging processing, especially 
rotary swaging processing are employable. A fixed stroke is moved up and down by the projection on a 
periphery roller and BAKKA, and rotary swaging processing adds a blow to the pipe material inserted, 
and carries out spinning of the part while the pair or two or more pairs of dices which were built into the 
main shaft inside the plane, and BAKKA rotate. This processing approach has the features that 
processing can enlarge contraction percentage delta(%) [={(dm-ds) /dm} xlOO] smoothly [ an early and 
processing side ] and beautifially compared with other processing approaches comparatively. However, 
since ingredient cost and heat treatment cost will become high if contraction percentage delta exceeds 
60%, in order to hold down a manufacturing cost, it is desirable [ contraction percentage delta ] to make 
it not exceed 60%. 

[0025] As mentioned above, the uniform universal joint of this operation gestalt can make a ratio r2 (= 
DOUTER/PCDSERR) small, securing the comparison article (cover-half uniform universal joint of a 
six-piece ball) of the same call format, the reinforcement more than equivalent, load-carrying capacity, 
and endurance, and can attain much more miniaturization of an outer-diameter dimension (DOUTER), 
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For example, when the pitch diameter (PCD!SERR) bf fitting section 2c is made equal to a comparison 
article, it is possible to carry out 2 size down (about 8%) of the outer diameter (DOUTER) by the 
bearing number. On the contrary, when an outer diameter (DOUTER) is made equal to a comparison 
article, it is possible to raise 5 or more sizes (PCDSERR) of pitch diameters of fitting section 2c. 
[0026] When #71 size of a comparison article (cover-half uniform universal joint of a six-piece ball) is 
taken for an example, an outer diameter (DOUTER) is 65.3mm and a pitch diameter (PCDSERR) is 
19.05mm. Here, as a connecting shaft, if the solid shaft of the overall length of 350mm and a 
homogeneity outer diameter is assumed, the bending primary resonant frequency vnll be set to about 
3 1 OHz. Moreover, when the working limit when carrying out draw forming of the hollow shaft from a 
pipe material is made into 60% by contraction percentage delta, about 47.5nmi of the outer diameter dm 
of a pipe material is a limitation. Here, as a connecting shaft, if the hollow shaft of the overall length of 
350mm, the outer diameter of 47.5mm, the thickness of 2mm, and a homogeneity outer diameter is 
assumed, the bending primary resonant frequency will be set to about 1056Hz. 

[0027] It is possible to, raise the pitch diameter (PCDSERR) of fitting section 2c to 26.3mm on the other 
hand, when an outer diameter (DOUTER) is set to the 65.3 samemm as a comparison article in the 
uniform universal joint of this operation gestalt. Therefore, when the working limit when carrying out 
draw forming of the hollow shaft from a pipe material is made into 60% by contraction percentage delta, 
the outer diameter dm of a pipe material can be set to about 65.7mm. Here, as a connecting shaft, if the 
hollow shaft of the overall length of 350nim, the outer diameter of 65.7mm, the thickness of 2mm, and a 
homogeneity outer diameter is assumed, the bending primary resonant frequency will be set to about 
1478Hz. Thus, when the hollow-like cormecting shaft 5 is combined with the uniform universal joint of 
this operation gestalt, it is possible to make a bending primary resonant frequency higher than a 
comparison article. Therefore, it becomes easy for the width of face of frequency selection (tuning) to 
perform breadth and the optimal tuning. When a solid shaft with an outer diameter of 19.05mm twists 
and rigidity is set to 100 about the rigidity (twisting rigidity) of a cormecting shaft, it of a hollow shaft 
with an outer diameter [ of 65.7mm ] and a thickness of 2mm is 3943 to it of a hollow shaft with an 
outer diameter [ of 47.5mm ] and a thickness of 2mm being 1438. Therefore, when the hollow-like 
connecting shaft 5 is combined with the uniform universal joint of this operation gestalt, the connecting 
shaft 5 of high rigidity can be acquired compared with a comparison article. 
[0028] The outer diameter dm (= the outer diameter dm of pars intermedia 5b) of a pipe material is 
selectable within limits from which a ratio r3 (=dm/DOUTER) is set to 0.29 <=r3 <=1.0, and when a 
ratio r2 (= DOUTER/PCDSERR) is set up within the limits of 2.5 <=r2 <=3.5, it can make contraction 
percentage [ of a pipe material ] delta (%) 0%<=delta(%) <=60%. Therefore, the processing cost at the 
time of carrying out draw forming of the axis end section 5b by rotary swaging processing etc. can be 
held down low. In addition, delta= 0% is good also considering a connecting shaft 5 as a hollow shaft of 
a homogeneity outer diameter (ds=dm), when draw forming of the connecting shaft 5 has not been 
carried out (i.e., although it is the case where a connecting shaft 5 is a homogeneity outer diameter 
(ds=dm) when the axial rigidity which the optimal tuning of a frequency is possible and is needed by the 
rise of a pitch diameter (PCDSERR) since the outer diameter (ds=dm) of a connecting shaft 5 can be 
raised is acquired). 

[0029] The 2nd operation gestalt shown in drawing 3 and drawing 4 applies this invention to the double 
offset mold uniform universal joint as a sliding mold uniform universal joint, the outside joint member 1 
by which the uniform universal joint of this operation gestalt formed eight straight-lines-like guide rail 
lb' in cylinder-like bore side la' at shaft orientations — ' — the spherical surface — ** ~ an outer 
diameter — a field - two ~ a ~ ' — eight - a ** — a straight line — ** ~ a guide rail — 2b - ' - shaft 
orientations — forming — a bore ~ a field ~ the tooth form (serration or spline) ~ having ~ fitting ~ the 
section — two — c — * — having formed — the inside — a joint — a member — two — ' — an outside — a 
joint — a member — one — * — a guide rail — one ~ b ~ ' ~ this — corresponding — the inside - a joint — 
a member - two - * - a guide rail ~ 2b — ' - collaborating — forming — having eight - a ** - a vault 
- a rack - respectively - allotting - having had - eight - a piece — torque transmission -- a ball — 
three — ' — torque transmission ~ a ball ~ three ~ ' — holding — a cage ~ four — * — the inside — a joint — 
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a member - two — ' — fitting ~ the section two ~ c — ' — connecting — having had - hollow ~ * * — a 
connecting shaft — five — * — constituting — having . 

[0030] In this operation gestalt, as for the spherical-surface core of outer-diameter side 4b' of cage 4', 
and the spherical-surface core of bore side 4a', only the equal distance is offset by shaft orientations to 
the pocket core of cage 4' in the opposite side, respectively. 

[0031] the range of 2.9 <=rl <=4.5 since the ratio rl (=PCDBALL/DBALL) of the pitch diameter 
(PCDBALL) of torque-transmission ball 3' and a diameter (DBALL) is the same as that of the uniform 
universal joint of the 1st operation gestalt mentioned above — it can consider as the value of 3.1 <=rl 
<=4.5 within the limits preferably. Here, the pitch diameter (PCDBALL) of a torque-transmission ball is 
equal to the pitch of two torque-transmission balls located in the vault rack which countered 1 80 degrees 
in 0 degree of actuation angles. PCR in drawing 4 is one half of the dimensions of a pitch diameter 
(PCDBALL) (PCDBALL=2xPCR). 

[0032] 2.5 <=r2 <=3.5 [ moreover, ] since the ratio r2 of the outer diameter (DOUTER) of outside joint 
member V and the pitch diameter (PCDSERR) of the tooth form (serration or spline) of fitting section 
2c' of the inside joint member 2 is the same as that of the uniform universal joint of the 1st operation 
gestalt mentioned above — it is preferably set as the value of 2.5 <=r2<3.1 within the limits. 
[0033] The uniform universal joint of this operation gestalt like the uniform universal joint of the 1st 
operation gestalt Since there are few load rates per [ which the number of torque-transmission ball 3' is 
eight pieces, and is occupied in the full load capacity of a joint compared with a comparison article 
(sliding mold uniform universal joint of a six piece ball) ] torque-transmission ball As opposed to the 
comparison article (sliding mold uniform universal joint of a six-piece ball) of the same call format It is 
possible to make small the diameter (DBALL) of torque-transmission ball 3', and to secure the thickness 
of outside joint member 1' and the thickness of inside joint member T to the same extent as a 
comparison article (sliding mold uniform universal joint of a six-piece ball). Moreover, much more 
miniaturization of an outer-diameter dimension (DOUTER) can be attained, making a ratio r2 (= 
DOUTER/PCDSERR) small (the general value of r2 in the sliding mold uniform universal joint of a six- 
piece ball being r2 >=3.1.), and securing a comparison article, the reinforcement more than equivalent, 
load-carrying capacity, and endurance to the comparison article (sliding mold uniform universal joint of 
a six-piece ball) of the same call format. Moreover, compared with the comparison article (sliding mold 
uniform universal joint of a six-piece ball), it is checked as a result of the experiment that it is low 
generation of heat. 

[0034] hollow - ** - a connecting shaft - five - ' — the inside - a joint — a member two -- * - fitting 
— the section ~ two — c — * — connecting — having ~ the tooth form - five — c — ' — having — an axis 
end ~ the section five — a — ' ~ and — this - an axis end ~ the section — five — a ~ ' ~ having 
continued - pars intermedia - five - b — ' — from - becoming . In this operation gestalt, connecting- 
shaft 5' carries out draw forming of the both ends of the pipe material of an outer diameter dm, and 
fabricates tooth-form (spline or serration) 5c* by forming of rolling etc. further on the axis end side 
periphery of this axis end section 5a' that carried out draw forming. The outer diameters of axis end 
section 5a' are ds and the dm as a pipe material with the same outer diameter of pars intermedia 
5b' (ds<dm). 

[0035] The quality of the material of connecting- shaft 5', the draw-forming approach, etc. can be made 
to be the same as that of the 1 st operation gestalt. Moreover, the outer diameter dm (outer diameter of a 
pipe material) of pars intermedia 5b* is selectable within limits from which a ratio r3 (= dm/DOUTER) is 
set to 0.29 <=r3 <=1.0, and when a ratio r2 (=DOUTER/PCDSERR) is set up within the limits of 2.5 
<=r2 <=3,5, it can make contraction percentage [ of a pipe material ] delta (%) 0%<=delta(%) <=60%. 
Therefore, the processing cost at the time of rotary swaging processing etc. carrying out axis end section 
5b' can be held down low. In addition, since it is the same as that of the 1st operation gestalt, the 
overlapping explanation is omitted. 

[0036] The configuration of the 1st [ which was explained above ] and 2nd operation gestalten is 

applicable to the transmission of an automobile as shown in drawing 5 . 

[0037] 
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[Effect of the Invention] This invention has the effectiveness taken below. 

[0038] (1) Hollow-izing and major-diameter-izing of a connecting shaft can attain the high rigidity of a 
connecting shaft, and iightweight-ization to coincidence. 

[0039] (2) Since the selection range of frequency selection (tuning) spreads when the natural frequency 
of a shank increases, it becomes easy to perform the optimal tuning for oscillating reduction. 
[0040] (3) The NVH property of a vehicle can be raised by the above. 

[004 1 ] (4) Since a contraction percentage can be low suppressed when carrying out draw forming of the 
connecting shaft from a pipe material, a manufacturing cost c£in be reduced. 



[Translation done.] 
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K^SS 2 c tCjSIS^itiftS 5 c S:Wf 6I*SSS85 a . 
at>\ C:WiliSgg|5 5aHa«gU^4'fSa55bi:*>f,^r 

ds. +|SlS?5b<7)3'|.fI»±>'N''fr*^ti:P]tdinT'i>S 
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1 

OJ'l-g ( DouTEii ) t(r>itr3 ( = dm/DooiEii ) tfi 

Cli!«Ji2] Htiia^HB!H8#S?«<0WI ( DoKTER ) 
flEf^lBHtt^Si^coK^StfOftMiOt: •/ f-Rfi ( p c D 

SERB) t<0Jtr2 (=D0BTER /PC DsERR ) 75<2 . 5 

gr2g3. 5f*>l.^tS:^tattl.lS««liefi<0 
[0001] 

mmzmx%i. 

[0002) 

mmizs6txmmmiR$ti?>. m^mt txii'^x y 
[0003] ±ie<o<j: o^ir^atgffiitt^ji, giw<^is 

^ii). (iai;t«f. mm<^x.>i;y(r>Wiijimiiiizmmt 

fcrjtJI^ixl. K 5 ^ yv-v 7 h 2 0 <0-Jai:}g|j|M^ 
gl£^#2 1 Sr^^LTr-f 7TUyi^-v;U22tCji^ 
L. M5:ll^S^jaa^ai#2 3Sr^M.t:«lfe2 4tc 

[0004] 



2 

m^(r>mw}n9itix. f*imm^m<7)Si^mzmi^$ 
tii^iA m5 tz^tmx'ii H ^-f ri^-v 7 h 2 o > 

>A-^, ^^m<r>±m ■ 'pmtizX'ixmix^^i. 

[0005] -t. ^S^^OjitSttt LT«i, IM. ;^ 
^rfc-'N-'f 7-WS:«Sf (Xlii*«!ffi«) U/ctO. /nM 

mtzMzii^ mms {%) i:±^<ti,-^^mm 

0. ^cofzMzmtoxhim<^j:h. 
[0006] 

tSL*)^d (%) = { ( dm-ds ) /dm! x 100 
d m : A*>f rsgffiOWS 
ds :«0«imf5 

x-x'y^ {mm<r>±^''j:^^m$i&iz-Mifzmm 

30 -CAS. ) <0«^, «0*5*<-Igf5 0%W±tOj?? 

ftlc7)ia;^t^:-5T, iSit±^f'J=Cf.'ir>'tHT<l.. 
10 0 0 7] *^8fl{i. liaESlEi^^tCfettl.aJ5W<7) 

[0008] 

50 ^.-K-^Ut. rtffl!l^#^$«cOtK^g?lCiIte$*ll.t&MS: 



3 

(dm) tmm^^^mi (DouTER ) b<r)itr3 
( = dm/'DoiiTER )ifiO. 2 9gr3gl. OX'hl 

[0009] ^-Hiis^aM^c^ws ( DouiEii ) t mt& 
^mm-^^mm^^-y ( p c ds err ) t o 

Jtr2 ( = DouTtR /PCDserr) {i2. 5^r2S 
3 . 5 OiuHl*lT-iS^t hZti}<X-^h. 
[0010] 2. 5Sr2S3. 5 1 

S (PCDserr) ii. ii*Si!l<03$iKlf t <O0g(«T';*;StC 

^Wt^Zt\iX'^^j:\<K i<r)fz»>, r 2<0ffili. itc 

J'hilia^SPttOi'hS (DouiER ) tctSc#-f^::i:ic^ 

r2 <2. SX'hht (±(CJ'hSDouTKR**/h$V^ 

j^^) . #a5a (^Kii8¥gi5f!, f*naij}8#s?«if) m 

r2> 3. 5t'*)5t (±tW5DouiER *<:^ti<>t5 

2. 5gr2^3. st-fsdttcio. ^miia^gm 

[ 0 0 1 n ±ll<r>i. 0 ^j:'^^^(7)W^mi. i'KtS ( d 
[00 12] 

[00 1 3] iai&tAll2{C^tmi<0|lt|Je®Ji. * 

(«if-/U7-f '/ifxVi^B^yV) {iZmf^Ltih<r> 
ffl 1 a c 8*<7)ftai«o5gi^fll 1 b Srtt^riaitcm t/:: 

<7)^F*I?» 2 b 2r W:6-|Sjlc:m U , rtgfflCffifM ( -t U— 

i.zn^-ti>p^mm^ffl^2cf)^^m2htii/(w,mixm < 

Oh/Ui'fEji--K-/U3t. h/U^'(Si?K-;P3i&«l*-t 

I. (R^Jg 4 i: . (*ilH8#S5^f 2 coK^g? 2 c t;:iiJig Sti 

[0014] zcr,mmmi,zi5\.'^x , M-ffly«#^SBi^ i <o 

1 bO+ 'C^O 1 (irtSffi 1 acO^ffitf'WwW t 
T , P^mm^^Vt 2 «03Srt« 2 b c0»*"C>O 2 { Ji'hg® 2 

a<r>mm^'t-i,zmx . ^ti-^ti. ^umz^mi 
( F ) tztmmiz ( +4:«o i ^m^<r>mclm. +'C»o 
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i^>. ag|*lJll bi:Cat«i5-ri.3Krtil2bt*<li8jat 

Xim^m^^t:m:iz^j:l. 
[0015] 1SmU4(7)9yma4 acO^ffitti'Cv 

fi^J#IS4<Oi*iSffi4b(;o^ffi+/i:«, «^JS4co 

i*isffl4 b (nw^^tt£h^mi&^w>n2<r)mm 2 a 

10 <0«ffi<t"Wi, i^imt. Wf^^'^CMOMzhh . -fix 

te. ^f-{iJ8#gi5« 1 £0±ie^7-t v hji ( F ) (i. ssi^ 

All bco*'C^O 1 i:«#-4"MOi:«ia(7)W:&iajffij5i. 
P^iSlftt^^SPff 2<0±i5:t7-fe-y hfi ( F ) (i. ^^^2 

o 1 1 mm^B^ 2 (omsHM 2 h i^^p-l-o 2 1 a, « 
^'^''tmoizMixniji^iz^mtii ( f ) fdimMm 

» [0016] ^ni*8#s?<^ 1 1 mm^m 2bm& 
e mnss.$^th t . 4 tcssrt $ 1^ /u & 

(^/2) llt#<0^j£it*i$i«$ 

[00 17] h;U^'(Eji-K-^U3<0f yf-R{5 (PCD 
B«u) fcigg (Dbul) tsOJtr 1 ( = PCDball/D 
ball) (i 3. 3£rl^5. Oco1W^^<^^tt^Zt. 
ilK'^h, ZZX\ h/U^'fra-lf-ZKOtr yf-RfS (P 
CDball) Ji. PCR<02(gOi-ax-S)l> (PCD8ALL 

0 = 2 X p c R ) . ^mm^stn 1 <nmm 1 b <ot|3,c>o 
^mm^^n2<r)^min2 b<ott"C'0 2 1 h/p^'(Ea,-i< 

-;P3<04"t»O3Sr^^^<7);^§7i<. -eix-r^iPCR 
[0018] 3. 3^rlg5. Ob Itzmm. 9\-m 

eft (6ffldf-yu(oii^i!^gttia¥) fcis]^ia±tc« 

) -yf-nfS ( PCDball ) S-:^*§{3^Stl.C tfiilSfC' 

ht. ^<r>fzib. r i<oii{±±{ch/u;'(Eii,-K-/Koi: 

S (DBAtt) tCfiSartSittcS:?). rl <3. 3T'*> 

l)t ( ±(c ilfiD BALL #ui^-^) . fffiiOgPift ( j'hij 
^&<r>AX'm:ti)<± l: s . j£tc rl > 5 . 0 r i) t 

(±taaDB*Li*«/hSv^«^) . m^Sfi*«''h$<!5: 
ii^t3S(*l«i:(?)««ta^i-<0ffiffA<±#L ( ilflDBALL** 
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(0 024] ttz. a*gflll5<O«?0iaUg:^^tLt(4, 



[001913. 3grig5. obti'Zb'izxo , ' x^si-i^y^tui.. ni>za-f x-i/yyta 

1^5. OiOKH. Mxtf. rl=3. 83.X{4f<0 7 t/>'y;!f-±<05lfiCJ: 0-^-^ hu-^-c^iTaSl 

[ 0 0 2 0 1 ^Hffllft^Sfl* 1 cOJ'hfg (DouTER ) fcrtfflj as^i-S'eOJOXt&tt^T-*!.. *JDI:^&«4. i!lDl*< 

Otr-yf-RS (PCDse«r) i:<0itr2 ( = D 10 JratCik^-C«iO*5 (%) [= { (dm-ds ) /d 

OUTER /PCDserr) (ifra L/jai*^^>2. 5^r2 m) X \ 0 0'\ <th:iti)n-% ^t^^0^^^if 

S3. 5,iifSL<<i, 2. 5Sr2<3. 2<0teffll*l :t7t\ giO*5*«6 0%S:iKS;e.l, i:<vrf43;^ 

[ 0 0 2 1 J za)%tm%(r>mLntm^\t. tcattO$*<46 0%$'M;c.^v»J: oiz-^hni^m I 

a,-K-/U3<0flSa*f8iaT'ft 0 . JtlSEiPp ( bm^^-tVff) ^^. 

iclt'^. la^iOiktWitfttc £i6 [0025] ±^LfcJ: ^tc. ^<D||«ti^?g<^^ii[att 

I. b/t- ^' ^Eas.•K-/^ 1 (13 0 <7)fi?^»l^**^-'arv^OT', ^#44. PI t WJB*<^Jt«ift ( effl.-K-zK^ll^^ 

IS] l:ii?tXje^<oifcl5a ( 6{i--K-/uoii^^a@ia8 JSg«SI¥) tl§J^ti±«03SS. S?^Sfi*3J:l>'iS}Att 

tWL-T. h/l'^'fE^'i<-/l/3<0iIf5 (Db«ll) tW«Lo-5ifcr2 (=Dooier /PCDserr) 
'h$< L. ?Kai^#g?«mi*l»^5j:lX|^IB!I^^SJ^J2 20 < LT. i-l-g^;* ( Douier ) c7)J: h 

<o\m sr jtKa ( 6 ii^-/K7)siga^j$s2Eia^ ) t ibSrHi. ^ t .6 . mui, Bc-^a? 2 c <o t y f-n 

IlSS{CiifiS-f*C:i:**^tgt-J>l.. ttz. ntni/m g (PCDserr) S:it«Eiat^L< M^"^. (D 

^iOitKtft ( 6 li--K-/K7>li^^S ) tit L outer ) invf^^X' 2 If X:J^t> y ( *«j8 %SS ) t 

T. Jtr2 ( = Douter /PCDserr) S-/Jn§<LT I>3 ffilZ, ^-l-S (Douter ) $ritl2a'i 

(6l;}<-/K?)[i^llT2a^^^{CJ3{tl>r 2iO-«l i:^L<L!t«^. K^g52 ciOt-yf-Rg (PCD 

W^rfi<4r2S3. 2X'hh, ) , Jt«Jii:lp|^W±«?) sirr) 2:5-9--^XW±r-yrT'&wi:*^'^|gT'S)S. 

54®. ft??rSftfc J:t/itAttS*5IRLoo. Wftft [0026] itISio'p ( 6fi;K-/l^c0il^lpjIS!E^ 

(DooTBR ) <DX'0~m<noyf^9Viti:mh:LtifiX' #) 0#7 I'f^ Xim^Zthk. , W-JS (Douter ) (4 

#1.. llTt. Jt«!ia (6(a<-K-;K7)|l^a^5S@^t^ 6 5. 3mm. t-vf-RS ( PC Dserr ) (4 1 9 . 0 5 

^) \Zit'^XiSM»tX'hh:Lh.ifi^ff>mmmi1xX 30 mmTftS. Jl^T'. iSISItttL-C. :^^3 5 0mm. 

[0022] +2tt«oa^«ii5{4. (^ffl!Ha^g6«2^tK a{4*«»3 1 OHztC^r*. 4'2li!i?rMM r^iW*^ 

^l352ctii<^$ix&#S!5c*Wf&«lSSa55a. & ^>K0»iUKtl>lKfOjDXIll!^S:gi!0*(y f6 0%i: Lt^.: 
t/. ^0«i}ggP5alca«!L^C+faSP5bt*>^>^r-i.. 7*S«tf0^hSdm*4*5j4 7. 5mm*mf 

:L<r>mm&m^Zii\,\X , m&nSH. 9mdm<^)^^r hh. ZZX\ ^Wtt-C. :^:&350mm. Wf4 

7. 5mm. |5ll?2mm. — ^hS'O^'SflS'iS^'^'l) 
«!liSa5 5a<7)ij|JSW|./giCftS (X7-5>f yXt4-tU- -f-<0(Br«f-<Wi*ffii!)»{4*4>l OSeHztctS. 

v-ay) 5cSr563^jDl?f{cJ:0fiygL?ttWJ>S. [0027] -^r> C:i7)IIMJg.ll0^iI@lE}(l^{:ijl^ 

*!i«S85atfO^|.at4ds, •t'faSS bcoWS4>NM rS5 T, ^I^(Doutbii ) i]tmxtnt65. 3mmlcL 



{4. •f-iKoSr's-XlcjDXtt, ^tt^tfOiX^cO^ca^lC 5'«J0$5 T'6 0%t Li^.:J®-&. nM d m 

■^^7C*?:aSJOLJt-&^«. X{4. SCr, SCM. S $:*«J65. 7mm(C-n)C: i:**T'l' ^.TT-. ii^W 

NCM^rfc'co;iiJJiBlrfflt^l.::t*^t'^S. 5iJsSii5<0 tLX. ^:^3 5 0mm. m56 5. 7mm.|5](?2m 

L/.:ii^, mmbLX±i,znWim.X (-Uxm, »§ lSS6»l4»<>14 7 8Hz{c^r.?,. Z(r)^oi.z, zcoms& 

^mitm) i:umti>ztPX'$i>. ifc. mmi5(r> jeJB«o^e^£it^K:4'Stt<oa^«ii5?rffl;?i^;t*& 

Wirt LT±ies^»!S:S5ffl L^i^. mmt lt± wf-^iE^siiftss-ituaj: 0 t>is< ■ri.>r t*« 




40 



/i*^. tS^liP2c<7)h--y^nfi (PCDserr) 5r2 
6. 3mmi-C7"/r-ri>::i:*^Blfig-C'$)l.. Ltzfii-r, 



[00 2 3] iSjSllS5<0««t LTI4. STKM15 
A. STKM16A5rf^O»««5iffl«m «L< 
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h. '-mnmrn (noitt) \,z^\^x\i. W51 9. • 

47. 5mm, |t]J12mm(?)4'Sf4iO-e-il{il 4 3 8r 
hh(r)\,Zl^L. JMieS. 7mm. ^W-2mm<r)'^^^ 

[00 28] AMrm^^(0}'M5dm ( = +^§8 5 b tOJ-F 
Sdm) (i, itr 3 ( = dm/DouiiB )-tfiO. 2 9^ 10 
r3gl. Ot^shiiO ^3SfflrtT-3S»?^tgrA 0 . it 
r2 ( = DouTtR /PCDsbrr) 1:2. 5^r2S3. 

(%) S:0%S(5- (%) ^i,Q%l,z-thZtiin'th. 

^V^^-&. OiOjil^#5A<l^-WI (ds = dm) £7) 
0 . mm5(r>mi < d s = d m ) iTyTti Ztifi 20 

S {ds = dm) cO+Sttt LTtSC^. 

[0029] m3mm4 i.z7f;-tm2(omtmmii. * 

mmstEmmzmmifzi><r)X'$)i>. z<^mmf^m<o^ 

ms^mm. Rfii^^<ortf5ffi 1 a ' i,z8:^(nmm^co 

«rt)ilb' i:tA:fj\^i,zmALrz9hm&^mi I ' t. 

mm^<r)mm 2 a • 8*(7)ii:mj^co3Srtj» 2 b • 

itt:^i6i{cBfiltL. rtSffitcftffi (-feix— i/3>'X<i;^r 30 

y^y) i^ti> K^gf 2 c ' $r}B« LJtl^iai^^gm 

2 ' t . juafl^^sjff 1 • (omt^m ih- 1 ztuzm 
tii^mn^mi2' <^«rt3i2b' bi}m&ixm& 

ttm^4' t. fHmm^m2' oK-&gp2c' {c 
[00 3 0] z(omimmi,z}i\,\x . mt^^A - <D9m 

ffii4b' cO^S4''i:>i:(*lSffi4 a' (DM^f^'i^tU. i 

tL^ti. mn^A • (T^r^y-, v^t^znixwimzm 40 

[003 1 ] h/P^'fE^--K-/U3 ' iOtr-z^R® ( PC 

Dbhi) tEg ( Dbali) bcoitrl ( = PCDBfli.L/ 

2. 9Srlg4. ScOJEH, SfJL 
<«±, 3. Igrlg4. 5OJiffll^<0fflt^SCi:*'! 

CCT'. f;W^gai;K-;K7)e-yf-P5@ (PC 
Dball) {i. f^Sil^lO* (cfeV^T, 18 0SWl6]L/i.-K 

-/u h 7 -/ ^ rtteiLS1-|> 2o«o fiad^-iPcot}! 

'C>iaSiM(C^LV^. 04Hfcttl)PCRii, t-yf-RS 50 
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(PCDbau) «01/2<0^T*)& (PCDbaii = 2 
XPCR) . 

[ 0 0 3 2 ] i>mmm i • 

(DouTER ) tfHism^m 2</)K^^m2 c ' mm 

(Az\^-i/ayX\tX7y>{-y) i7)f yf-PJg (PCD 
serr) fcOJtr2l4. frSEU^miiO^SfeJeSO^jSg 
^£»*i:Pl^<7)aria*»'c>, 2. 5gr2S3. 5. Jffi; 
L<J4, 2. 5Sr2 <3. 1 <oefflrt<?)|ilc|5^ 

[0033] ;i«^Sfi}g®<7)^ ^W&^^i , 1 <0U 

h/P^' (5)1,1^-/1. 3" 

V)V'^^^i(i-)V3' iDDSli (Dbail) S:/h$< 

m-^YcWiSi (6<i.-K-;ucogiia^jig^»t*) tisi 

<0Jtt2tft (6ffl'-}<-;K0}gi!)S^jSgSi8^) {C*fL 
T, itr2 ( = DouTER /PCDserr) Lt 

W^:tf<4r2S3. \Xhh. ) . lt«fii:[31^ah<0 
(DouT£R ) iOiO— ilcoaWN"^' h'fl:i&iai>ci;*<-C' 
¥ ) tit^t mafer* I. c: fc fit 

[0034] ^J^Sl^cOatSiS 5 • ti, rtlHlli*g»«2 • 

5a' .St/, dcoWJggPSa' ta*5SLf.:4'PBlS85 
b" d^OSgSftJgiBKwtJV^T, 3Hg*li5" 

li. WSdm(^AMr*«<7)pjga!JrfSiOB)tff^L. 

(;^r5>f yXJl-feU-i^gy) 5c' ^!|£jijDX^(c 
J:'9fi£jBL7ttc7)r*S. W«gS5a' <;)i'M5t4d s , 
+raa55b' <7)miJ±>'"«'fr5BWi:l^tdmT-*>S (d 
s<dm) . 

[0035] jtigfUl 5 • « Ol«}g:fr^^ti. ^ 

i(D^tmBtmmzi-hiti)^x-^i. trc, ^t^ra^s 

5 b • mmm (AM (l. ft r 3 ( = 

dm/DouiiR )**0. 29gr3Sl. Ot'^Sio 
5rlEfflrt-C-a«iB7|gt'3i 0 . it r 2 ( = Douier /PC 
D5err)S:2. 5Sr2S3. 5 WliHf^t'iJ^L/ii® 
A-^r«Wc7)«?')*^ (%) $-0%g5 (%) S6 
0%{C-rsct3!>«t'#S. -f-*^/.-*^, W}gS?5b' 

[0036] \;xkMm Lfzm i &T/m 2 ffi^mmmcom 
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mi . mum 5 iz^-rx 0 ^mM(^nii^^mz 

[0037J 

C00 38J ( 1 ) jitSW<7)4'2<ki::*:S^W:i:oT. 

I. 

[00391 ( 2 ) mmm^mmm^ti ztiz 

(0 0 4 0] (3) ia±tJ:'9s afi<ONVH»1t5r|6l 

[004 1] ( 4 ) iitsws-^NM rmm^t^m^mt 

[01 ] *%BflcOSSl<7)||ife}eHI^^-ri[Bli®EI (02 
tCJolt&Y-YBItE) X'hh. 



o ; i i-iuizsy 

1 0 

[02] :*:%HB«om 1 <nmmmi7i<-rwmmm ( 0 1 

{"fcftSX-XWfffi) T'*S. 
[03 1 **BB<?)m2<7)IUfej^SS$:^t«ag0 (04 
{ItSJti Y-YBriS) t'*>S. 

[04 1 *lfeBflcom2c7)||SSJB!S$:*tl£iSil0 (03 

i,zmh\-x^m) Tt)i, 

10 la, la" |*i{§iS 
lb, lb' ISrt« 

2. 2' mm^m 

2a, 2a' ^hSffi 
2b, 2b' ^(^a 

4, 4' 

5, 3' ]£l£il 

5a, 5a' IftJSoK 
5b, 5b' 



[01] 




[02] 



[04] 
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